Modern large-area tracking detectors require increasing precision for monitoring the relative positions of the detector components. For example, for the muon spectrometer of the ATLAS experiment 1 misalignment corrections of the track curvature of 30 m rms accuracy have t o b e p r o vided by an optical alignment system over distances of up to 15 m. A n o vel high-precision optical alignment monitoring system has been developed for such applications. It uses collimated laser beams and semi-transparent optical position sensors `ALMY sensors'. Tests under laboratory conditions as well as at the TESLA Free Electron Laser test facility at DESY have shown that more than 10 sensors can be aligned along a laser beam. The light emitted by laser diodes is distributed via single-mode optical bers with collimator optics producing di raction limited laser beams with Gaussian beam pro le limited to 2 , 3 mm diameter over 10 m.
ALMY sensors consist of a 0:2,1:0 m thick l a yer of hydrogenated amorphous silicon a-Si:H between two about 100 nm thick transparent indium-tin oxide ITO electrodes segmented into orthogonal strip rows covering the whole sensitive area see Fig. 1 Without anti-re ective coating of the glass substrate, interference e ects in sensor response and transmittance due to nite wedge angles of the glass have been observed. The interference patterns across the sensor surface not only deteriorate the uniformity of the sensors but also lead to time dependent variations of the local position measurement and transmission due to shift of the pattern with the small, order 0.1 nm changes of the laser wavelength caused by temperature variations of the laser diode.
With standard anti-re ective coating of the back side of the glass substrate, the re ectivity of the glass surface can be reduced from about 4 to less than 0:5 such that variations of light absorption and transmission caused by interference in the glass become negligible even for nite wedge angles. Over the whole sensor surface of 20 mm 2 a position resolution linearity of 1 m has been achieved. The sensor resolution is insensitive to high magnetic elds due to the very low Hall conductivity of amorphous silicon.
Custom designed integrated readout electronics has been developed for the ALMY sensors see Fig. 2 . The signal-to-noise ratio is 1000 for laser intensities of about 30 mW cm 2 at = 780 nm. The readout speed of the fully multiplexed strips is 10 ms.
It is well known from the investigation of thin-lm solar cells that the light sensitivity of a-Si:H deteriorates under illumination 3 . Under illumination with 690 nm laser light of about 30 mW cm 2 intensity, local degradation of the sensitivity, not the optical transmittance, of the amorphous silicon sensors has been observed which leads to signi cant local position measurement errors. The amount and rate of degradation depend strongly on the light i n tensity and appear to saturate.
In the normal operation mode of the sensors, illumination with 780 nm laser light o f 30 mW cm 2 intensity, the degradation rate was found to be tolerable. After 500 hours of continuous illumination, the sensitivity loss is only 2 see Fig. 3 . This corresponds to a local absolute position measurement error of not more than 5 m after 20 years of operation in the alignment monitoring system of the ATLAS muon spectrometer.
Amorphous silicon detectors are expected to be more radiation hard than crystalline silicon devices. The ALMY sensors have been irradiated with neutrons and -rays at various sites for applications in the ATLAS and CMS experiments. The sensitivity and optical transmission did not deteriorate for irradiation doses of up to 10 MRad and for neutron uences of up to 10 14 n cm 2 . A complete system of several sensor modules with readout electronics see Fig. 2 and a laser diode for monitoring the sensitivity has been irradiated up to a neutron uence of 10 13 n cm 2 without degradation.
The ALMY sensors are currently under development for the optical alignment systems of the the ALICE, ATLAS and CMS experiments. The performance is studied in real-size test stands. The sensors are already in use in the HERA-B
